Glucocorticoids
have some profound effects on the development and maturation in neonatal brains (Balazs and Richter, 1973) . Cell formation in the rat brain is inhibited immediately after cortisol administration in the first few days after birth (Cotterrell, 1971; Balazs and Cotterrell, 1972) . However, these authors have found that this inhibitory effect is transient because the initial decrease in the number of cells is restored after the cessation of the treatment. The administration of cortisol at birth also results in a transient retardation in the formation of dendrites of cerebrocortical neurons in rats (Schapiro, 1968) . dance of microtubules (Peters and Vaughn, 1970) , composed of tubulin, which is quantitatively one of the most abundant proteins in mammalian brain (Shelanski and Feit, 1972) . Moreover, microtubules act as spindle fibers during cell mitosis (reviewed by Bryan, 1974) . This evidence seems to indicate that glucocorticoid-treatment controls the tubulin content in developing brains.
In our previous study (Takahashi et al., 1980) , cellular tubulin content (mg per mg DNA) in soluble fractions increased gradually in the normal rat cerebrum and hypothalamus while it decreased rapidly in the cerebellum during the first 10 days after Determination of protein, RNA, and DNA Protein in the soluble fractions was determined by the method of Lowry et al. (1951) using crystalline bovine serum albumin as a standard. After RNA and DNA were extracted from the precipitates according to the method of Schneider (1945), RNA and DNA were determined after the methods of Ceriotti (1955) and Burton (1956) , in which yeast RNA (Boehringer Co.) and calf thymus DNA (Biochemica Co.) were used as standards for the analyses, respectively.
Statistical treatment
The results were subjected to satistical evaluation using Student's t-test.
Results
Corticosterone administration increased both body and brain weight gain in male and female rats (Table 1) . These stimulatory effects were observed in both of the hormone treated groups during the period from 0 to 9 days of age and also during the period from 10 and 19 days of age. Significant difference from the male control group at 5, 1, 0.1% level, respectively. change in several parameters in the cerebellum but little change was observed in other regions.
In 10-day-old cerebellum, the treatment increased total soluble protein, DNA (mg per g tissue; Table 2 ) and tubulin (mg per g tissue; Fig. 1 ) in male rats, and RNA, DNA (mg per g tissue; Table 2 ) and tubulin (mg per g tissue; Fig. 1 ) in female rats. In contrast to the effects of the treatment on 10-day-old rats, corticosterone reduced RNA (mg per g tissue; Table 2 ), tubulin (mg per g tissue) and tubulin content (mg per g protein) in 20-day-old male cerebellum (Fig. 2) and also decreased total protein (mg per g tissue, (Fig. 2) . On the other hand, corticosterone treatment showed a slight effect on the cerebrum. The total soluble protein (mg per g tissue) was increased (Table 2) , and tubulin content (mg per g protein) was reduced (Fig. 1) in the cerebrum from 10-day-old male rats.
As with the cerebrum, the hormone had some effects on the hypothalamus. Corticosterone treatment increased hypothalamic tubulin content (mg per g protein) in 10-day-old female rats (Fig. 1) but decreased these activities in 20-day-old females ( Fig. 2) . The total soluble protein (mg per g tissue) was increased in 20-day-old female rats treated between 10 and 19 days of age (Table 2 ), but no effects were observed in males from either group.
Discussion
This study has demonstrated that the administration of a relatively small dose of corticosterone during neonatal life will change the chemical composition and tubulin content (colchicine binding activity per mg tissue wet weight) of the cerebellum but will have little effect on the cerebrum and hypothalamus.
In the cerebrum and hypothalamus, the proliferation of nerve cells already ceases before birth and the rapid growth of neuronal processes is promoted during neonatal life (McIlwain, 1965; Balazs and Richter, 1973) , but in the cerebellum an increase in the number of nerve cells still takes place after birth (Balazs and Richter, 1973) .
The corticosterone treatment between 0 and 9 days of age accelerated either the proliferation of nerve and glial cells as assessed by DNA content (mg per g tissue, Table 2 ) or the tubulin content (mg per g tissue, Fig. 1 ) in 10-day-old cerebellum from both sexes. No effect of the hormone on DNA or tubulin content was observed in the cerebrum or hypothalamus from either of the two groups. This tissuespecificity for the effects of corticosterone treatment among the brain regions might be related to the fact that there is a different pattern in the growth of each cell contained in the regions during postnatal development (Pasquini et al., 1967; Altman, 1969; Fish and Winick, 1969; Howard, 1974) . Evidence indicates that changes in cellular tubulin content (mg per mg DNA) in the brain during the course of normal development differ among the several regions; the value increases in the cerebrum and hypothalamus but decreases in the cerebellum during the first 10 days of age (Takahashi et al., 1980) . From these results, it seems likely that the corticosterone treatment has little effect on the intracellular tubulin content of the cells in which the rapid formation of neuronal processes such as dendrites or axons takes place.
The present study showing increased DNA and tubulin content (mg per g tissue) in the cerebellum due to the hormone suggests that there might be a cross relationship between the proliferation of nerve cells and the tubulin content, because it is well known that one of the major roles of microtubules composed of tubulin is to act as spindle fibers during the mitotic process (Shelanski and Feit, 1972) . Although no direct evidence was demonstrated in the present study, the stimulation of tubulin biosynthesis by corticosterone treatment in the mitotic process is probable. The tubulin content (mg per g tissue) and the relative tubulin content (mg per g protein) were reduced by the hormone treatment between 10 and 19 days (Fig. 2) , during which the rapid phase of cell proliferation had already ceased and the growth of neuronal processes was promoted in the cerebellum (Balazs and Richter, 1973) .
Treatment
with relatively large doses of corticosterone during neonatal life is known to result in a permanent deficiency in the number of cells in mouse brain (Howard, 1965; 1968) . Balazs and Cotterrell (1972) have investigated the effects of cortisol (0.2 mg/pup/day) in the neonatal rat brain and found that cell formation in cerebrum and cerebellum is severely inhibited by the treatment but the DNA content (mg per g tissue) reaches the adult level after the treatment has been completed. In the present study, however, two effects of corticosterone treatment were observed, viz, the treatment between 0 and 9 days of age seemed to promote the development in the cerebellum because of the increased DNA (mg per g tissue) and tubulin (mg per g tissue), but opposite effects on the cerebellum were observed in rats that were treated with the hormone between 10 and 19 days, because of the decrease in DNA and tubulin contents. These age-dependent dual effects of glucocorticoid also may be involved in the changes in neuronal excitability in rats up to 8 days after birth. Cortisol treatment did not affect lowering of the electroshock thresholds when the hormone was given after 8 days of age (Vernadakis and Woodbury, 1963) . It has also been suggested that the excitability of the cerebrospinal axis may be associated with an enhanced myelination due to cortisol treatment after 8 days of age in the development of the central nervous system (Vernadakis and Woodbury, 1963) . It is likely that these differences between the previous reports and ours are dependent on the doses and/or types of glucocorticoids; namely, corticosterone used in the present study is a major glucocorticoid in rats (Berliner and Ruhmann, 1966 ). There were some differences between male and female rats in the responses of the total soluble protein content in the 10-day-old cerebrum and the 20-day-old hypothalamus and of the RNA content in the 10-and 20-day-old cerebellum following the corticosterone treatment (Table 2 ). Although we have no direct evidence to explain these sexual differences at present, they might be related, at least partially, to the serum levels of sex steroid hormones and/or pituitary gonadotropins, which were very different between male and female rats not only during the adult life but also the neonatal life (Ramirez, 1972; Miyachi, 1973; Negro-Vilar et al., 1973; MeijsRoelofs et al., 1973 MeijsRoelofs et al., , 1975 .
It is now established that the receptor protein of steroid hormones exists in cytosol and the hormone-receptor complex combines with chromatin and carries out the effects of the steroids (Jensen et al., 1968; Hamana and Iwai, 1972) . Stumf and Madhabananda (1975) have reported in autoradiographic experiments that 3H-corticosterone is concentrated in neurons of the hippocampal complex, the septum, the amygdala and portions of the cortex. Probably the quantitative changes in the cytoplasmic receptors may explain the differences in responsiveness to corticosterone among the cerebrum, the hypothalamus and the cerebellum and/or between male and female brain.
In contrast to the corticosterone treatment, thyroid hormone (T3) treatment of neonatal rats increased the tubulin content (mg per g tissue) not only in the cerebellum but also in the cerebrum and hypothalamus (Takahashi, et al., 1981) . Moreover, the thyroid hormone deficiency in the early life of primates results in biochemical and structural changes in nerve cells and in irreversible mental retardation known as (Eayrs and Taylor, Legrand, 1967; Eayrs, 1968 
